ABSTRACT -The objective of this study was to evaluate combinations of coriander and salad rocket cultivars in bicropping systems intercropped with carrot cultivars in strips under the conditions of Mossoró-RN. The work was conducted at the Experimental Farm Rafael Fernandes from July to December 2014. The experimental design was a randomized complete block design with four replications and treatments arranged in a factorial design with additional treatments of type 2 x 2 x 2 + 2. The treatments consisted of the combinations of two coriander cultivars (Verdão and Português) and two rocket cultivars (Cultivada and Folha Larga), intercropped with two carrot cultivars (Brasília and Esplanada) plus two additional treatments, where the first are the cultivars in monocropping and the second the types of cropping (single and intercropped). We evaluated fresh and dry shoot mass in coriander and rocket and fresh and dry shoot mass as well as dry root mass, commercial and total root productivity, and classified root productivity in carrot. In the intercropping systems we evaluated land equivalent ratio, productive efficiency index, and score of the canonical variable, besides the indicators of economic efficiency (gross income, net income, rate of return and profit margin). Highest agroeconomic efficiency in intercropping systems was achieved with the combination of the coriander cultivar 'Verdão' and the rocket cultivars 'Folha Larga' or 'Cultivada' as well as the carrot cultivars 'Brasília' or 'Esplanada'. Regardless of the tested cultivar combinations, systems with coriander and salad rocket intercropped with carrot showed higher efficiency than monocropping systems.
INTRODUCTION
Intercropping systems, simultaneous cropping systems, or polycultures are production cropping systems which grow more than one crop per unit area. Especially in small, family run farms, such systems are the key factor in ensuring economic viability, as they guarantee maximum returns through on optimal use of inputs and labor (SILVA et al., 2011) .
Intercropping systems make use of synergistic effect or offset the impact of one culture on other cultures, thereby enabling higher yields (REZENDE et al., 2006) ; when performed in agroecological molds, they present several advantages in production, nutritional, economic, and environmental aspects (OLIVEIRA et al., 2004) . In addition, this agrosystem offers greater productivity, economic, and biological stability as well as a more efficient use of available resources such as soil, water, light, and nutrients (SEDIYAMA; SANTOS; LIMA, 2014) . However, to obtain satisfactory agroeconomic results, proper management of the production factors is crucial.
One of these factors is the combination of species or cultivars, which can considerably improve the productive performance of vegetable crops through combined resource use (BEZERRA NETO et al., 2003) . As different crops occupy different ecological niches, they may maximize light use and nutrient absorption (OLIVEIRA et al., 2004) . Several studies on vegetable crop combinations have been performed previously. For example, Lima et al. (2010) , studying rocket cultivars intercropped with carrot, observed better performance of the rocket cultivar Folha Larga when intercropped with Brasilia carrot. Similarly, Bezerra Neto et al. (2007) analyzed the intercropping of carrot and lettuce using univariate and multivariate methods; they found that in intercropping systems using carrot Alvorada and lettuce Lucy Brown or Brasilia carrot and lettuce Lucy Brown are those to be indicated to the producer, respectively. Evaluating the performance of four cultivars of loose-leaf lettuce and carrot, Bezerra Neto et al. (2003) observed that intercropping systems using the carrot cultivar Brasilia and the lettuce cultivar Verdinha obtained higher agroeconomic viability, with a land equivalent ratio of 1.19 and a rate of return of R$ 3.00.
Therefore, the objective of this study was to evaluate combinations of coriander and rocket cultivars in bicropping systems with carrot cultivars in strips in Mossoró -RN.
MATERIAL AND METHODS
The experiment was conducted at the Experimental Farm Rafael Fernandes, located in the Alagoinha district, 20 km from Mossoró-RN (37° 31' 16" S and 5° 27' 34'' W, 34 m altitude), from July to December 2014. During the trial period, the area experienced no rainfall and average, maximum, and minimum temperatures of 28.5, 33.4, and 23.03 °C, respectively. Relative humidity was 62% and solar radiation 901 kjm -2 . Prior to the experiment, soil samples were taken at a depth of 0-20 cm, air dried, and sieved through a 2 mm mesh. Processing and analysis took place at the Laboratory of Chemistry and Fertility of Soils of the Universidade Federal Rural do Semi-Árido (UFERSA), with the following results: C = 0.59 g kg -1
; pH = 6.12; P = 3.75 mg dm ; Exchangeable sodium percentage = 1%, and Base saturation = 83%.
The experimental design was a randomized complete block design with four replications and treatments arranged in a factorial scheme with additional treatments of type 2 x 2 x 2 + 2. The treatments consisted of the combination of two coriander cultivars (Verdão and Português) and two rocket cultivars (Cultivada and Folha Larga), intercropped with two carrot cultivars (Brasília and Esplanada), plus two additional treatments, single cultivars and cropping types (monocropping and intercropping).
In each experimental plot, intercropping was established in alternating strips of the component cultures, where each strip was formed by four rows and the cultures arranged in the proportion of 25% of the area for coriander, 25% for rocket, and 50% for carrot, flanked by two border rows of carrot on one side and two rows of broadleaves on the other side ( Figure 1) .
The total area of the plot was 4.80 m 2 , with a harvest area of 3.20 m 2 . Spacing for both cultures (carrot and broadleaves) was 0.20 m x 0.05 m, with two plants per hole for broadleaves (rocket and coriander) and one plant per hole for carrot, totaling 160 plants of each crop in the harvest area, corresponding to a population of 1,000,000 plants per hectare for coriander and rocket (LIMA et al., 2007; FREITAS et al., 2009 ) and 500,000 plants per hectare for the culture of carrot, which are recommended densities for this region (OLIVEIRA et al., 2004) .
The plots in the monocropping system had a total area of 1. Soil preparation consisted of harrowing, followed by the lifting of beds, with a 1.20 m wide seedbed tiller, with six spades. Subsequently, one solarization period of 45 days was carried out in order to reduce phytopathogen populations of the soil (SILVA et al., 2006) .
Hairy woodrose (Merremia aegyptia L.) green manure was collected from native vegetation near Mossoró-RN, before the beginning of flowering. After collection, the plants were mashed in a conventional forage machine to obtain fragmented particles with a particle size of 2.0 to 3.0 cm. Particles were dried in sunlight to reach a moisture content of 10% and a subsample was subjected to laboratory analysis, obtaining the following results: 15.3 g kg -1 N; 4.0 g kg -1 P; 15.7 g kg -1 K; 9.3 g kg -1 Ca, and 7.03 g kg -1 Mg, a carbon/nitrogen ratio of 25: 1.
Green manure was incorporated into the intercropping and monocropping plots of carrots, with 50% of hairy woodrose biomass into all planting beds on August 4, 2014, 21 days before sowing of the component crops; and the remaining 50% were incorporated 45 days after carrot planting. The broadleaf vegetable crops were planted in two successive croppings (bicropping) during carrot cultivation, according to the methodology described in Oliveira (2012) , using the recommended dose of 24 t ha -1 . The doses used in monocroppings of carrot, coriander, and rocket were of 18, 14, and 12 t ha -1 , respectively, based on recommendations by Bezerra Neto et al. (2014) , Linhares et al. (2012) , and Linhares et al. (2008) .
Coriander, rocket, and carrot cultivars were sown on August 25, 2014, in direct and simultaneous sowing into holes approximately 2 cm deep. For rocket and coriander, thinning was performed ten days after sowing (DAS), leaving two plants per hole in the intercropping plots and only one plant per hole in the monocropping plots. For carrot, thinning was performed 16 days after sowing, leaving one plant per hole in the plots of both cropping systems. The second sowing of the rocket and coriander was performed on November 11, 2014, 75 days after carrot sowing. Thinning of the second cultivation of the broadleaf vegetable crops was performed ten days after sowing, also leaving two seedlings per hole in the intercropping and only one seedling per hole in the monocropping plots.
During the experiment, hand-weeding was performed when necessary. To avoid shading of the coriander and rocket plants by the carrot crop, we lifted the carrot branches during cultivation of the second cropping, thereby reducing competition for light. Plants were irrigated daily using a micro-sprinkler with at morning and afternoon, applying approximately 8 mm day -1 (LIMA et al., 2010) in order to promote soil microbial activity during decomposition.
Rocket and coriander were first harvested on September 24, 2014, 30 days after sowing, and the harvesting of the second cropping occurred on October 1, 2014, 37 days after sowing. Carrots were harvested on November 29, 2014, 96 days after sowing.
In coriander and rocket plants, we evaluated fresh and dry shoot mass by weighing 20 plants.
Results were expressed in t ha -1 . For carrot, we determined fresh and dry shoot mass, dry root mass, and total, commercial, and classified root productivity. Values of fresh and dry shoot mass and dry root mass were obtained from a subsample of 15 plants and expressed in t ha -1
. Total productivity was determined from the fresh root mass of all plants in the harvest area and expressed in t ha -1 . Commercial carrot productivity was quantified from the fresh mass of long, medium, and short roots in the harvest area and expressed in t ha -1 . As commercially relevant produce, we only considered roots free of cracks, bifurcations, nematodes, and mechanical damage.
Root productivity was classified according to length and cross-sectional diameter: long (length of 17 to 25 cm and diameter < 5 cm), medium (length 12 to 17 cm and diameter > 2.5 cm), short (length 5 to 12 cm and diameter > 1 cm), and scrap (roots that do not satisfy these criteria), according to Lana and Vieira (2000) .
For all intercropping systems, we evaluated the land equivalent ratio (LER) using the following equation: Y tcr = commercial productivity of carrot roots in polyculture with coriander and rocket; Y tm = commercial productivity of carrot roots in monocropping.
The values paid to the producers for coriander, rocket, and carrot were R$ 3.80, 1.40, and 1.48 kg -1 , respectively. Gross income was obtained by multiplying the crop yield in each treatment by the value of the product paid to the producer. Net income was calculated by subtracting the production costs from the gross income.
These costs were calculated for each treatment based on the cost coefficients of inputs and services used in one hectare of each cultivar of coriander, rocket, and carrot at the experimental level. Local prices of inputs and services in December 2014 were considered and are shown in Table 7 .
The rate of return was obtained by the ratio between gross income and total cost, which corresponds to the amount of Reals (R$) for each Real invested. The profit margin was obtained from the ratio between net income and gross income, expressed as percentage.
The productive efficiency index (PEI) was calculated to evaluate the productive efficiency of each treatment, using the PEI model with constant returns to scale (CHARNES et al., 1978) , since there is no evidence of significant scale differences. In addition to other characteristics of each component, we evaluated the score of the canonical variable (Z) using multivariate analysis of variance.
For statistical analysis of the broadleaf vegetable crops data, we used the yield data from two croppings. Univariate analysis of variance for the factorial experiment in a randomized complete block design with additional treatments was performed to evaluate the characteristics studied through the application of SISVAR software (FERREIRA, 2011) . A multivariate analysis of variance was performed on the yields of intercropped vegetable crops, as a function of factors-treatments through the same software. Tukey´s test at 5% probability was used to compare average values between cultivars.
RESULTS AND DISCUSSION

Coriander crop
We found no interaction between the coriander, rocket, and carrot cultivars in any of the characteristics evaluated (Table 1) . However, there was a significant difference between rocket cultivars in fresh and dry shoot mass yields of the coriander in intercropping with rocket and carrot, with the cultivar Folha Larga standing out of the Cultivada (Table 1) . Table 1 . Mean values of fresh shoot mass (FSM) and dry shoot mass (DSM) of coriander as a function of cultivar combinations of coriander, carrot and rocket in monocrop and cropping systems.
Means followed by different lowercase letters in the column differ statistically by Tukey´s test at 5% probability.
For coriander cultivars in monocropping, we observed significant difference between the mean values of DSM, with the Português exceeding the values of Verdão. The differentiation in the performances of coriander cultivars might be related to different temperature and light conditions and different adaptation abilities of these cultivars.
We also observed significant differences in terms of fresh mass yields between the cropping systems, with higher values in the intercropping system than in the monocropping (Table 1) . Our results differ from those obtained by Grangeiro et al. (2011) , who found no difference in fresh mass yields of coriander between monocropping and intercropping with beet.
Rocket crop
There was no significant interaction between the vegetable crops cultivars tested. Similarly, there was no significant difference between cultivars in the intercropping and monocropping and between cultivation systems for any of the characteristics evaluated in rocket (Table 2) . When two or more crops are grown simultaneously, each requires adequate space to maximize cooperation and minimize competition. In our study, it is possible that there was a complementarity between both cultivars in the intercropping system, which made it difficult to differentiate one cultivar from another.
Our results are similar to those obtained by Lima et al. (2010) , who evaluated the productive performance of carrot and rocket cultivars in strips intercropping system and found no significant interaction between cropping systems and cultivars of carrot and rocket.
Carrot crop
There was no interaction between cultivars of coriander, carrot, and rocket in terms of fresh and dry shoot mass and dry root mass. However, we observed significant differences between the mean values of fresh shoot mass between coriander cultivars in the intercropping, in which cultivar Verdão observed higher values than Português, and in the dry root mass between carrot cultivars, with Brasília cultivar having higher values than Esplanada in the intercropping system (Table 3 ). These differences are likely due to higher adaptation abilities of Verdão and Brasilia cultivars to semi-arid conditions compared to the cultivars Português and Esplanada (LOPES et al., 2008) . Table 3 . Mean values of fresh shoot mass (FSM) and dry shoot mass (DSM) and dry root mass (DRM) of carrot as a function of cultivar combinations of coriander, carrot and rocket in monocrop and cropping systems.
In carrot, we observed higher average values for all characteristics in intercropping systems compared to monocropping (Table 3) , which is possibly due to complementarity between the materials tested, resulting in mutual cooperation between cultures.
According to Montezano and Peil (2006) , differences in plant architecture can promote the use of available water, light, and nutrients. This explains the complementarity between different cultures, resulting in higher yields through companion cropping (GRANGEIRO et al., 2011) .
We found a significant interaction between cultivars of coriander and rocket in the total and commercial productivities of roots and in the productivity of carrot long roots (Table 4) .
For coriander cultivars within each rocket cultivar, we observed significant differences between total and commercial productivities in association with Folha Larga cultivar, with higher values for the Verdão cultivar compared to the Português cultivar. The opposite trend was recorded for the productivity of long roots.
On the other hand, for rocket cultivars within each coriander cultivar, there was a significant difference between the mean values of total and commercial productivity in rocket cultivars when intercropped with the Verdão coriander cultivar, with Folha Larga exceeding Cultivada. A different behavior was obtained for productivity of long roots when rocket was associated with the Português coriander cultivar, with the cultivar 'Cultivada' highlighting from 'Folha Larga' cultivar. These differences might be due to competition with coriander and rocket cultivars. Table 4 . Mean values of total (TPR) and commercial (CPR) productivities of roots and productivity of long roots (PLR) of carrot as a function of cultivar combinations of coriander, carrot and rocket in monocrop and cropping systems.
The values obtained for total and commercial productivities of carrot were 31.82 and 28.62 t ha -1 . Our results are in agreement with findings by Oliveira et al. (2004) , who studied the agroeconomic performance of lettuce bicropping in intercropping systems with carrot and found values of 32.36 and 25.53 t ha -1 , respectively. On the other hand, Porto et al. (2011) , evaluating cultivar combinations of lettuce and rocket in two croppings intercropped with carrot, obtained productivity values in the combinations of Brasilia carrot with Cultivada rocket and Babá de Verão lettuce of 14.7 t ha -1 and 10.0 t ha -1 , respectively. Analyzing the carrot cultivars in intercropping system, we did not find significant differences for any of these characteristics. However, when analyzing the carrot cultivars in monocropping, we observed significant differences in total and commercial root productivity, with the Brasilia cultivar obtaining higher values than Esplanada (Table 4) , probably due to higher adaptation abilities of Brasilia to semiarid conditions. Lima et al. (2010) , who studied the productive performance of carrot and rocket cultivars in intercropping and monocropping systems and found significant difference between carrot cultivars in monocropping, with higher values for Brasília cultivar compared to Esplanada.
We recorded significant differences between medium, short, and scrap root production of carrot between cultivars of coriander, with the cultivar Verdão highlighting of the Português in the first two characteristics, and with the Português cultivar outperformed Verdão in the productivity of scrap roots (Table 5 ). The last result is probably due to the slow growth of Portuguese coriander compared to Verdão, resulting in greater competition between carrot and coriander roots.
We found a significant difference in mean root productivity between carrot cultivars in monocropping, with higher values for the Brasilia cultivar compared to Esplanada (Table 5) . These results corroborate in part with those found by Lopes et al. (2008) , who evaluated the classified productivity of carrot roots of the cultivars Brasilia, Alvorada, and Esplanada and observed a higher percentage of medium-sized roots in the cultivars Brasilia and Alvorada. On the other hand, these results differ from those found by Oliveira et al. (2004) , who studied the agroeconomic performance of eight lettuce cultivars and two carrot cultivars in monocropping and intercropping systems and found no difference between the carrot cultivars Brasília and Alvorada in terms of mean root productivity.
Coriander cultivars in intercropping
Total productivity (t ha -1 ) Regarding the different cultivation systems, there was a significant difference in scrap root production, with higher values observed in the intercropping system (3.37 t ha -1 ) compared to the monocropping (1.99 t ha -1 ) ( Table 5 ). This increased scrap root production is due to the amount of plants in this area, causing greater competition between plants in intercropping than in monocropping systems. Our mean values are lower than those found by Porto et al. (2011) , who studied the combination of lettuce and rocket cultivars in two croppings in intercropping with carrot and found values of 9.5 t ha -1 for scrap root production.
Agronomic advantage Indices
There was no significant interaction between cultivars of coriander, carrot, and rocket in terms of agronomic advantage indices (Table 6 ). However, a significant difference was observed in land equivalent ratio (LER) between the carrot cultivars tested, with the cultivar Esplanada obtaining better results in relation to the Brasilia cultivar. Regardless of the cultivar combinations used in the intercropping, all LER values were greater than one, ranging from 2.49 and 2.98 (Table 6) .
These results portray the positive effects of intercropping in food production. Specifically, this means that land consumption for monocropping systems is 149 to 198% higher than for intercropping systems. Table 6 . Mean values of land equivalent ratio (LER), productive efficiency index (PEI), and score of the canonical variable (Z) as a function of cultivar combinations of coriander, carrot and rocket.
Means followed by different lowercase letters in the column differ statistically by Tukey´s test at 5% probability. According to Cecílio Filho et al. (2007) , with LER values greater than 1, intercropping will favor the growth of the companion crops. This indicates that this cropping system more efficiently uses environmental resources.
The highest LER value was 2.98, recorded in combination with the carrot cultivar Esplanada; this was due to lower commercial productivity obtained in the monocropping system. LER values found in our study are higher than those observed by Lima et al. (2014) , who studied the agroeconomic viability of intercropping of coriander, lettuce, and rocket under different spatial arrangements and found LER values of up to 1.80. In contrast, Oliveira et al. (2004) , evaluating the agroeconomic performance of lettuce cultivars in monocrop and intercropped in strips, with two carrot cultivars, found LER values of 2.16 and 2.15, respectively.
The efficiency of intercropping systems was also determined by the productive efficiency index (PEI) and by the score of the canonical variable (Z). Its determinations in intercropping system reduce a problem essentially multivariate to univariate without loss of information; therefore, its analyses enable the examination of variation patterns of the cultures at the same time.
Highest productive efficiency indices and canonical variable Z scores were obtained in the intercropping with the coriander cultivar Verdão. These results are due to the fact this cultivar has responded very well in the combinations with the carrot and rocket cultivars studied, thus demonstrating a low interspecific competition in the intercropping.
The highest values found for the productive efficiency index and the score of the canonical variable Z were of 0.93 and 1.72, respectively, diverging from those found by Lima et al. (2014) who studied the agroeconomic viability of the intercropping system of coriander, lettuce, and rocket under different spatial arrangements and obtained values of 0.97 and 2.76, respectively, in the arrangement 2: 2: 2. Similarly, Bezerra Neto et al. (2007) , when analyzing the performance of intercropping systems of carrot and lettuce evaluated by uni -and multivariate methods, observed higher values of 0.79 and 10.85, respectively.
Economic indicators
Analyzing the production costs (Table 7) , we found that in most combinations of cultivars, the combination with the Verdão cultivar was more promising in relation to the others, i.e. the lower production costs, regardless of the carrot cultivar (Brasilia or Esplanada) or the rocket cultivar (Folha Larga or Cultivada). We also observed that intercropping systems were associated with higher production costs than monocropping systems. This was expected, since cultivation of the associated crops entails additional costs. Souza et al. (2015) reported that differences between production costs are related to expenses of cuts, transportation, grinding, drying, bagging, distribution, and embedding of the plant material, which increased in relation to the quantity factor. This was also observed in our study, where we observed higher production costs in intercropping than in monocropping systems. The higher production costs are related to; the greater amount of plant material used in the intercropping system compared to the material used in the monocropping. There was no significant interaction between cultivars of coriander, rocket, and carrot in terms of economic indicators. However, we observed a significant difference between the coriander cultivars in the intercropping, where Verdão cultivar showed higher values than Português in terms of gross income, production costs, net income, rate of return, and profit margin, obtaining R$ values of 61187.00, 32,748.0, and 52.86%, respectively (Table 8) . The higher economic feasibility of the intercropping system with the coriander cultivar Verdão was most likely related to the higher productivity of this cultivar compared to the cultivar Português. Table 8 . Mean values of gross income (GI), net income (NI), rate of return (RR), and profit margin (PM) functions of cultivar combinations of coriander, carrot and rocket.
According to Pinto and Pinto (2012) , the economic viability of intercropping systems depends on the patterns of cultivation and on the selection of compatible cultures, since intercropping systems, besides ensuring greater stability in production, reduce risks from climatic adversities characteristic for semiarid regions, thus ensuring adequate income generation for small farmers.
Therefore, the selection of compatible crops for intercropping systems is of major importance in relation to growth habits as well as use of space, light, water, and nutrients (SERAN; BRINTHA, 2010) . In this sense, the values obtained in intercropping systems involving the coriander cultivar Verdão represented a greater complementarity between cultures, thus providing greater economic viability.
CONCLUSIONS
Highest agroeconomic efficiency of intercropping systems was achieved using the combination of the coriander cultivar Verdão, the rocket cultivars Folha Larga or Cultivada, and the carrot cultivars Brasilia or Esplanada.
Regardless of the tested cultivar combinations, production of coriander and rocket in bicropping intercropped with carrot was more efficient than in monocropping systems. 
